Polymer waveguides were successfully fabricated by a new method, which was incorporated with a micromolding process. The refractive index of the UV polymer used in these experiments was changed by an extremely low electric field. The experiment of the near field measurement with end fire coupling had shown that the light had been totally restricted inside the core layer of the waveguide. This process is easy and simply for mass production of any shape of polymer waveguides.
Introduction
Polymer optical waveguides have attracted much attention due to their low cost, and high process ability. Their possible applications include optical components in optical interconnects and optical communication systems. There are a number of methods to fabricate polymer waveguides, which include photocrosslinking [1] , photobleaching [2] , reactive ion etching [3] , photolocking [4] ,and laser/electron beam writing [5] . There is other many replication processes that are simple and easy fabrication and can be used for mass productivity, such as hot embossing [6] , UV-embossing [7] , and micro-transfer molding method [8] . But, these methods have some problems to be overcome, such as lip problems and only limited substrate and core material can be used [6] [7] [8] . Micro-electro-mechanical system (MEMS) technology offers a wide number of applications for military, industrial and consumer markets. Use of a LIGA-Like process to fabricate micro-optical components shows great mass production potential [9] . Following a molding process (either injection molding or hot embossing), optical component mass production can be achieved [6] [7] [8] [9] .
In here, the LIGA-Like process was used to fabricate polymer optical waveguides. The waveguide was fabricated by using UV polymer, which was provided by EPOXY TECHNOLOGY Inc., and the refractive index of the UV polymer is between 1.52∼1.54, which is close to the refractive index of the optical fiber, therefore the UV epoxy-made waveguide can effectively reduce the Fresnel reflection. The electric field was applied to induce the change of the refractive index of the UV polymer. It usually needed a very high electric field (V/µm) to change the refractive index of the waveguide materials [10] , but the UV epoxy in liquid form only needed a low electric field to change the refractive index dramatically. 
Experimental Result and Discussion
In order to measure the refractive index and to fabricate the optical waveguide, first, Si wafers with thickness 500µm cut to 2cm × 1.5cm were clean, a spacer with 400µm thickness was put between ITO and Si wafer substrate, and pressure was used to clad the ITO Glass and Si wafer. After injecting the un-solidified UV epoxy polymer, which was stable and low viscosity, into the opening of the tunnel, the liquid polymer was automatically spread and filled up the tunnel, due to the capillary effect, which was shown in Fig.1(a,b) . The UV light with wavelength 300∼400 nm was used to expose on the ITO glass surface to solidity the polymer at the intensity of 100mw/cm 2 for 1∼2 minutes and a electric field was also applied to change the refractive index of the polymer simultaneously. Fig.1(c,d) depicted the above process. After removing the ITO glass, the changes in refractive indexes of the cured polymers, n T E and n T M (TE and TM polarization, respectively), induced by electric field were measured with the Metricon's prism coupler at a wavelength of 633nm. Fig.2 shows the change in refractive indexes during UV irradiation at the applied voltage from 0 to 70 V. The n T E and n T M firstly decreased dramatically at 10 V,and then decrease slightly till 70 V for n T M . The decrease in n T E was accelerated in terms of increasing the applied voltage from 50V to 70V. The change in the refractive index may be due to the electric field, which induced the change of the polymer molecular orientation [11] . The farication procedure of the Y and straight shaped polymer waveguides were described as follows. Si wafers with < 110 > oriented cut to 2×1cm were cleaned and coated with a 1.2µm thick positive photo-resist (FH6400) using a spin coater. The spin condition was 1800rpm for 15 seconds. This sample was pre-baked in a convention vacuum oven at 90
• C for 120 seconds to remove excess solvent from the photo-resist. Wafers were then exposed through the Cr-based masks using a UV mask aligner (EVG620) for 90 seconds. The aligner was equipped with NUV (near ultra-violet) wavelength 350-450nm. The lamp power ranged from 200-250W. After immersed in the developer for 30 seconds, the waveguide patterns in the opaque regions of the mask were obtained. This sample was put into oven at 130
• C for 180 seconds as the post-baking. The RIE with the reaction gas CCl 2 F 2 was used for continuing etching the sample to obtain the deep and vertical channel of the waveguide. The gas pressure and the power used in RIE were 65 mTorr and 150w respectively. These processes were shown in Fig.3(a)-(d) . After removing the photo-resist by immersing the sample into the acetone for 10 minutes, the pattern on the mask was transformed to the wafers, and the depth and width of the waveguide pattern on wafer measured by SEM was 2µm and 7µm respectively.
Metal Ni electroplating technique was applied to transfer the pattern into Ni mold (Fig.3(e) ). The metallization process includes the following step. First, a Ni thin film was sputtered on the structure surface served as seed layer, then Ni electroplating technique was used to form Ni mold. The electroplating sample was then immersed to the KOH solution with ultrasonic aid machine to vibrate for 5 min to separate the wafers and metal mold (Fig.3(f) ). The SEM micrograph of the electroplating metal mold shown in Fig.4 had indicated that the waveguide pattern was remained well, and the thickness of the Ni mold was about 1.5mm.
Next, metal molds with Y shape and straight pattern were used to fabricate polymer waveguides. Polymer waveguides were fabricated on a 2×1cm ITO Glass. A spacer of 400µm was put between the ITO Glass and the metal mold, and a pressure was used to clad the ITO Glass and the mold (Fig.5a ). After the UV polymer was injected into the tunnel, the sample was simultaneously exposed to UV light with wavelength 300-400nm and voltage with 50 V (Fig.5(b) ). After separating with the metal mold, the solidified polymer could become the cladding layer of polymer waveguide (Fig.5(c) ). The thickness of the spacer was then adjusted to 0.5µm to leave another empty tunnel, and another ITO Glass was put on the top of the sample. After the UV epoxy was injected into the tunnel, the UV light was irradiated to solidify the polymer (Fig.5(d) ). This results in the bottom cladding polymer showing lower refractive indices than the core polymer. The final polymer waveguide could be easily peeled off from the ITO Glass (Fig.5(e) ).
The near-field pattern of the polymer waveguide mode was measured in terms of end-fired coupling technique. The propagation experiment was performed at a 633 nm wavelength using a He-Ne as a light source. The light launched from the other edge of the waveguide was focused on the screen through the convex lens. The results showed that the all red light almost focused on the core layer of the 
Conclusion
In conclusion, the refractive index of the UV epoxy could be changed by a low electric field (maximum of 70V/400µm) for optical waveguides applications. The UV polymer waveguide was fabricated by the LIGA-Like process, which was easy and simple fabrication process. Any shapes of polymer waveguides could be successfully fabricated using this process. The experiment of the near-field measurement with end-fire coupling had shown that the light had been totally restricted inside the core layer of the waveguide.
